The nuclear shell model is one of the successful models in theoretical understanding of nuclear structure. If a convenient effective interaction can be found between nucleons, various observables such as energies of nuclear states are accurately predicted by this model. The basic requirements for the shell model calculations are a set of single particle energies and two-body interaction matrix elements (TBME) which construct the residual interaction between nucleons. This latter could be parameterized in different ways. In this study, we have used a different approach to improve existing USD type Hamiltonians for the shell model calculations of N = Z nuclei in the A=16-40 region. After obtaining the SDNN new effective interaction, shell model calculations have been performed for all N = Z nuclei in sd shell. In which, 16 O doubly magic nucleus has been assumed as an inert core and active particles are distributed in the d 5/2 , s 1/2 and d 3/2 single particle orbits. The rms deviations from experimental energy values are lower for the newly generated effective interaction than those obtained using the original one for the studied nuclei.
Introduction
The nuclear shell model is a successful tool in nuclear structure comprehension. The sd shell nuclei have received intense focus in nuclear physics studies. Nuclear excited energy levels are confidently calculated by means of this model. Similar to the atomic shell model, nuclear properties can be described using valence nucleons situated out of closed shells (with magic numbers 2, 8, 20, 28, 50, 82 and 126). In nuclear shell model, nucleons are considered to be moved in an average potential and interact with each other through a residual or effective interaction. This interaction between the nucleons has mainly two-body character. Under the assumptions where the total angular momentum (J ) is a good quantum number, many calculations have been done on the sd-shell space model in order to get systematic explanation of the low-lying levels in the nuclei from oxygen to calcium [1] . The main objective is to obtain a set of effective interaction two body matrix elements (TBME) between nucleons. These elements might be useful to obtain better nuclear force understanding and to predict unknown nuclear quantities.
One of the commonly used Hamiltonian in sd space model is USD Hamiltonian [2] . This latter defined by 63 TBMEs, has provided realistic sd-shell wave functions for the usage in nuclear structure models, nuclear spectroscopy and nuclear astrophysics [2] . Their values are derived from the experimental binding energies and excitation energies for nuclei in the region A = 1640. The original USD Hamiltonian [3, 4] was obtained from a least squares fit of 380 energy data from 66 nuclei. In the improved USD Hamiltonians (USDA and USDB), 608 states in 77 nuclei distributed over sd-shell are considered. The new Hamiltonians are more sensitive for realistic shell-model wave functions.
In recent years, Artificial Neural Network (ANN) [14] has been used in many fields in nuclear physics. It has been used successfully for developing nuclear mass systematic [5, 6] , determination of proton radius [7] , nuclear mass prediction [8] , obtaining fission barrier heights [9] , obtaining nuclear charge radii [10, 11] and predictions of hadronic model [12] . Since this method is successful in understanding non-linear relationship between input and output data, layered feed-forward ANN can be used to generate TBME for the calculations for N = Z nuclei in sd shell.
In this paper, USDB interaction Hamiltonian was re-estimated by using artificial neural networks. After generation a new effective interaction SDNN, both original and newly obtained Hamiltonians were used to calculate the energy levels of 18 F , 20 N e, 22 N a, 24 M g, 26 Al, 28 Si, 30 P , 32 S, 34 Cl, 36 Ar and 38 K isotopes by using KShell nuclear structure shell model code [13] . According to the calculations, the obtained results from SDNN are closer to the experimental values than USDB for N = Z nuclei in sd region. In section 2, the brief summaries for artificial neural networks and shell model calculations will be given. In section 3, the results for different Hamiltonians are discussed. Finally, Section 4 presents our conclusion. Finally, Section 4 presents our conclusions.
Material and Methods

Artificial Neural Networks
Artificial neural networks (ANN) is one of artificial intelligence sub area [14] . ANN mimics the human brain functionality in order to give outputs as consequence of the computation of the inputs. It is composed of processing units called neurons which have adaptive synaptic weights. The main task is to determine appropriate weights belonging to the problem under consideration. ANN consists of three layers: input, hidden and output. The number of hidden layers can differ, but a single hidden layer is generally enough for almost all problems [17] .
In this work, ANN (1-8-1) architecture composed with one input layer with one neuron, one hidden layer with 8 neurons and one output layer with one neuron, was used. From 1 to 10 hidden neuron numbers, all the architectures have been used to generate new interaction data set. When the number of hidden neuron is greater than 10, ANN starts to memorize the data. The best results were obtained for 8 neurons in hidden layer. The input neurons correspond to USDB TBMEs besides output neurons are new matrix elements (SDNN). The total numbers of adjustable weight was 16 according to the formula p.h + h.r = 2h. Here p, h and r are the input, hidden and output neuron numbers, respectively. . The input neuron collects problem data from environment and transmits them via weighted connections to the hidden neurons and then to the output ones. In the calculations, the hidden neuron activation function was chosen as hyperbolic tangent for hidden layer.
ANN consists of two main stages. One of them is training stage and the other is test one. Back-propagation algorithm with Levenberg-Marquardt [15, 16] for the training of the ANN was used. ANN modifies its weights until an acceptable error level between predicted and desired outputs. The error function which measures the difference between outputs was mean square error. After the training is completed, the performance of the network is tested over data by final weights. If the mean square error of the test data is low enough, the ANN is considered to have learned the functional relationship between input and output data [18] . In this study, the mean square error value was about 6x10-29.
Shell Model Calculations
For the shell model calculations by using both USDB and newly generated SDNN matrix elements, KShell nuclear structure shell model code [13] has been used under M-scheme representation with the thick-restart Lanczos method. The code is a powerful tool in order to calculate energy levels, spin, isospin, magnetic and quadrupole moments, E2/M1 transition probabilities, and one-particle spectroscopic factors in the nuclei. The code is able to carry out calculations for dimension up to tens of billions if enough memory is available on the computers. Besides this code, there are several codes written for the shell model calculations are existing such as NuShellX [19] , Redstick [20] , Bigstick [21] , Antoine [22] , Oxbash [23] , etc.
In this study, the excited energy levels of 18 F , 20 N e, 22 N a, 24 M g, 26 Al, 28 Si, 30 P , 32 S, 34 Cl, 36 Ar and 38 K isotopes in the sd Single Particle Space (SPS) model have been calculated by using KShell code. This SPS consists of d 5/2 , s 1/2 and d 3/2 valence orbitals above the doubly magic 16 O core.
Valence nucleons move in model j -orbit space and their Hamiltonian is given by
where E 0 denotes the inert core binging energy, ε i is the valence orbit single particle energies (SPEs and ij|V |kl term is the residual interaction -between the valence particles-two-body matrix elements (TBMEs). Here i, j, k, l are single particle states, a i and a + i are annihilation and creation operators, respectively. The taken SPEs are +2.1117, −3.9257 and −3.2079 for d 5/2 , s 1/2 and d 3/2 orbitals, respectively.
Results and Discussion
In this work, USDB interaction TBMEs are used as the ANN inputs. By using ANN method, we have generated new set of SDNN interaction TBMEs. As shown in Table  1 and Table 2 for T = 0 and T = 1, respectively, the new matrix elements are slightly different from original ones. The root mean square (rms) deviation from original matrix elements is 0.052 MeV. For 11|V |33 01 matrix element, the difference from original matrix elements is 0, whereas the value reaches the maximum as −0.2768 for 21|V |21 21 matrix element.
In the beginning of this study, we have calculated the first ten positive parity energy levels and spins of even-even N = Z nuclei in sd-shell by using both USDB and SDNN interactions. All the ground state spin/parity values were reproduced correctly by using the new SDNN interaction. As shown in Fig.1, the S isotope, USDB interaction gives better results than SDNN. The rms deviations for the all even-even N = Z isotopes in sd-shell are 218.327 and 202.436 for USDB and SDNN interactions which shows the latter is approximately 1.1 factor better than the former one. For 24 M g isotope, the first excited 0 + state energies predicted are higher from the experimental one for both USDB and SDNN interactions. However, the situation is inverted for 28 Si isotope.
In the second part of this study, we have calculated the first ten positive parity energy levels and spins of odd-odd N = Z nuclei in sd-shell by using both USDB and SDNN interaction. All the ground state spin/parity values were estimated correctly by means of our new SDNN interaction. Whereas USDB interaction could not reproduce the J π experimental (0 + ), it gives 3 + for this state in 34 Cl isotope. As shown in Fig.2 , the calculated energy level deviation from the experimental values [24] are close to each other for both interactions. The rms deviations for all N = Z isotopes in sd-shell are 208.255 and 205.363 for USDB and SDNN interactions.
We have also calculated B(E2) ↑ values for even-even N = Z nuclei which are shown in Fig.3 . As it can be clearly seen in this figure, the obtained results are very close to each other. The larger difference from adopted values, is observed in 28 Si isotope. In the literature, all the models, except FRDM, give smaller results for B(E2) ↑ than the adopted value for this isotope. But in our calculations, we have obtained a B(E2) ↑ value larger than the adopted one, by both interactions, where SDNN gives slightly closer results. For the other isotopes, the shell model results are closer to the adopted values than the results obtained from FRDM, RMF, ETFSI and HF+BCS models [25] .
In Fig.4 , the first excited state energies are shown for even-even and odd-odd N = Z sd nuclei. Calculated results are very close to each other and to experimental values for even-even isotopes. But for odd-odd nuclei, the deviations from the experimental values are very large for 22 N a and 38 K isotopes for USDB and SDNN interactions, while for Table 2 . USDB and newly generated SDNN effective interaction matrix elements v(i, j, k, l, J, T ) in MeV for T = 1. The orbits are labeled by 1=d 5/2 , 2=s 1/2 and 3=d 3/2 . 
Conclusions
In this study, a new set of two body matrix elements has been generated using USDB interaction. In this generation, the artificial neural network method has been used. The ground states spin and excited energies levels of N = Z nuclei in sd shell have been calculated by means of the SDNN new interaction and the USDB original one. All the ground sate spins have been assigned correctly from SDNN according to the available literature values. The excited states of the nuclei which are calculated by the new interaction are closer to the experimental energies in comparison to the USDB original interaction. The rms deviations for N = Z isotopes in sd-shell are 208.255 and 205.363 for USDB and SDNN interactions respectively. These results show that ANN method is capable to improve the TBMEs for the interactions used in nuclear structure studies.
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